In five cases of endemic ethmoidal carcinoma in cattle from the Dominican Republic three tumor types could be classified: undifferentiated carcinoma (3). adenocarcinoma ( I ) , and squamous cell carcinoma ( I ) . Electron microscopy showed that the tumor cells in undifferentiated carcinomas closely resembled the cells of the normal olfactory mucosa. This was especially true for the dark cells of Bowman's gland.
The Scandinavian publications about ethmoidal carcinomas in cattle date from more than 50 years ago [8, 9, 13, 161 . The tumors seem to be non-existent in Scandinavia today. For the last two decades reports of such endemic ethmoidal carcinomas in cattle have originated from Hong Kong [ 181, Portugal and Brazil [ 10, 191. In 1976 we showed that enzootic ethmoidal carcinoma occurred in cattle in the Dominican Republic. A study [15] on the pathology and epidemiology of enzootic ethmoidal carcinoma in cattle has shown an exceptionally high incidence. in that country.
Ethmoidal tumors also have been reported in other species [ 1, 2, 4, 6, 7, 9, 11, 12, 16, 201 . There was evidence that in Scandinavia the occurrence of ethmoidal tumors in cattle was related to that in horses. Two morphologically similar cases in pigs [ 1 I] were described in an earlier report [ 191 without any detailed case history.
Experiments [3, 41 with cell free material showed a virus that passed a Berkefeld filter to be the cause of ethmoidal tumors in sheep. Another experiment [7] , however, did not succeed in transmitting the enzootic ethmoidal carcinoma into embryonated chicken eggs, a calf kidney cell line or into lambs.
Most reports include histological descriptions of the tumors, but we have found no reports of electron microscopic findings. Five cases of bovine ethmoidal tumors from the Dominican Republic were studied by light and electron microscopy. Routine histology was done after futation in 7% neutral formalin. Paraffin sections were stained with hematoxylin and eosin (HE), Masson's trichrome, silver impregnation Gomori and periodic acid-Schiff. For electron microscopy, pieces of tumor tissue were taken immediately after slaughter and futed in 6.25% glutaraldehyde at 4' C for 72 hours before being transported to our laboratory. The tissues were then washed for at least 2 hours in 0.1 mol/l phosphate buffer containing sucrose, futed in 1% osmium tetroxide and stained with 0.25% aqueous uranyl acetate. They were then dehydrated in alcohols, embedded in epon, and semithin (1 micrometer) and ultrathin (150 to 200 x lo-' mm) sections were prepared. The ultrathin sections were stained with uranyl acetate and lead citrate.
Results
Breed, age and main clinical signs are in table I. The table also includes necropsy findings and histological diagnoses. Macroscopically the tumor masses were localized in the aboral part of the nasal cavity originating from the ethmoidal region ( fig. 1 ).
According to their degree of differentiation they were soft (undifferentiated carcinoma and adenocarcinoma) to firm (squamous cell carcinoma) and white-grey. In many cases the destructive tumors, especially the undifferentiated type, infiltrated into the orbit ( fig. 2 ) or the paranasal sinuses or both. Metastases to the regional lymph nodes occurred in one animal with a n undifferentiated carcinoma. With the light microscope three types of carcinomas could be distinguished clearly. Three tumors were classified as undifferentiated carcinomas; one was an adenocarcinoma and one a squamous cell carcinoma.
Undifferentiated carcinoma
The tumor cell sheets were separated by connective tissue septa of differing widths. The cells were round to polyhedral and usually did not form any characteristic pattern. In one case they were almost lymphoid and looked like a reticulosarcoma. Adenoid structures rarely could be found and pseudoadenoid appearance was caused by flourishing growth of tumor cells around blood vessels. Cytoplasm usually was scarce; the nuclei were large, highly irregular in shape and size and contained little chromatin. Mitotic figures could be seen frequently ( fig. 3) . Secondary inflammatory lesions with necrosis and hemorrhage were common. The tumors grew infiltratively; in two cases invasion of lymphatic vessels could be seen clearly ( fig. 4) .
Electron microscopically the undifferentiated carcinonias ( fig. 5 ) consisted of clusters of round to polyhedral cells with few interdigitations. Stromal tissue containing collagen fibrils could be found between the tumor cells without basement membrane formation. Two main cell types could be distinguished: light or electron lucent mainly with irregular shaped nuclei and a clumpy distribution of chromatin around the nuclear membrane. The content of endoplasmic reticulum varied considerably. In the second type the endoplasmic reticulum was striking, occasionally forming whorls of concentrically arranged tubules ( fig. 6 ). Some cells contained a few bundles of tonofibrils. Adjacent cell membranes were joined together by desmosomes which could not be seen in the cell type described first. In some areas these cells were separated from surrounding stromal tissue by structures like basement membranes.
Adenocarcinoma
Epithelial tumor cells were arranged on branches of blood vessels containing fibromatous stalks, causing a papilliferous and coralliform appearance. The epithelial cords consisted of five to six layers of cells ( fig. 7) . They did not have much cytoplasm except for the superficial layer. The nuclei were anisomorphic and had a moderate amount of chromatin. Mitoses were common. The superficial cells resembled respiratory epithelium of the nasal cavity.
The ultrastructure of the well differentiated adenocarcinoma ( fig. 8 ) showed densely packed regular cylindrical cells with straight borders and few simple interdigitations. The cytoplasm had an electron lucent matrix containing abundant ribosomes and few straight elongated cisternae of mainly smooth surfaced endoplasmic reticulum. Occasionally the Golgi apparatus was prominent. Mitochondria were scarce and contained distinct cristae without ramification. The close cellular contact was caused by numerous desmosomes and tight junctions between adjacent cell borders. The clusters formed lumina; single cells had a brush border at the luminal surface which resembled the brush cells of respiratory epithelium. Mitoses were common. Basal membranes could not be seen clearly. 
Squamous cell carcinoma
Whorls and cords of squamous cells were separated by occasional wide bands of highly cellular connective tissue stroma. The cords and nests often had keratinized centres ( fig. 9 ). There also was keratinization of single cells. Intercellular bridges and mitoses were prominent. Inflammatory processes were common. There was highly invasive growth, and small bony trabeculae were within the tumor tissue.
Electron microscopically there were elongated cells similar to those of the adenocarcinoma (fig. 10) . The nuclei were irregularly shaped and the nucleoplasm was electron lucent. The cytoplasm contained abundant ribosomes, few mitochondria and sometimes a well developed Golgi apparatus. Tonofibrils as well as myelin figures could be seen. The contents of smooth-and rough-surfaced endoplasmic reticulum varied. The adjacent cell membranes were joined by fully developed desmosomes. Basal membranes separated the epithelial cells from the connective tissue stroma. We did not see any viral particles with the electron microscope.
Epidemiology
There were 700 milk cows in herd A. The cows were kept in an open air paddock. There had been 33 cases of endemic ethmoidal carcinoma within 2% years. We studied two cows from this herd.
One cow came from herd B of about 60 cows kept under similar conditions. This cow was bought 1 YZ years earlier from herd A. Herds A and B were in the northern parts of the country. The two remaining cows were in herd C in the south of the country and were cows that had been bought from totally different herds. To our knowledge there was no contact between herd C and herds A and B, the distance being more than 100 kilometers. The conditions in these herds were similar.
All tumor bearing cows were descendants of cattle imported from the United States and Canada (Holstein Friesian, Swiss Brown).
In the Dominican Republic, the climate, feeding habits, use of locally supplied forage, mixing of ingredients and storage of feed stuff greatly influence the risk of contamination of the concentrated feeds with mycotoxins and an unusually high intake of mycotoxins by cattle.
In several herds, including A and B, the concentrated feeds were checked for aflatoxins. In herd A the concentrated feeds had 25.9 pg/kg aflatoxin B1, 5.5 pg/kg aflatoxin B2; molasses had traces of B1. In herd B concentrated feeds had 107.6 pg/kg B1 and 128.8 pg/kg B2.
Discussion
Histology and electron microscopy suggested that the neoplasms were epithelial. Basal membrane formation, desmosomes and tonofilaments in the undifferentiated carcinomas supported this finding. These findings also agree with the suggestion [ 191 that sarcomas described in earlier Scandinavian publications actually were undifferentiated carcinomas. The typical concentric formation of endoplasmic reticulum around mitochondria in a few tumor cells indicates that they originated from the dark cells of Bowman's gland of the olfactory mucosa. This supports earlier suggestions [ 161 and information from histochemical studies [ 191. Specialized cellular organelles are not in all tumors, because tumor cells usually have lost their differentiated functions. The same is true concerning the lack of nervous fibrils or other cells of differentiated neuroepithelium. The nature of the so-called lymphoid cell type in these cases, however, is not clearly understood. Apparently they represent the undifferentiated cells seen by light microscopy. The electron microscopic features of these cells (containing only a few organelles such as mitochondria, endoplasmic reticulum and Golgi apparatus) correspond to the lymphoid cells described in human nasopharyngeal carcinoma [5] which is related to Epstein-Barr Virus. These authors emphasize the close contact between such cells and cells of certain epithelial character. They consider the close contact of epithelial and lymphatic cells in normal nasopharyngeal mucosa and in human nasopharyngeal carcinoma as a possible explanation for a carcinogenic effect of primary lymphotropic herpes virus.
A viral cause of bovine endemic ethmoidal carcinoma should be considered because of cell free transmission of the comparable adenopapilloma of the olfactory mucosa in sheep [3, 41. The negative results of one experiment [7] in transmitting such tumors into lambs, chick eggs and calf kidney cell cultures could be because of the use of trypsinated tumor cell fractions.
The carcinogenesis of human nasopharyngeal carcinoma is thought to be multifactorial, implying viral as well as chemical influences. The incidence and apparently contagious character of bovine endemic ethmoidal carcinoma is exceptionally high in the Dominican Republic [ 151. The severe contamination of concentrated feed, including molasses, with mycotoxins (aflatoxin) should be considered as at least one of the possible nutritional cocarcinogenic factors. Apart from the high content of aflatoxin found in the concentrated feed there was another indication for a harmful effect of mycotoxins on the herds affected with ethmoidal tumors. When older cows were slaughtered there were frequent findings of extreme hypertrophic cirrhosis of the liver, most likely caused by mycotoxins. Mycotoxins, however, are known to cause immunosuppression in animals [ 14, 171. A virus probably is involved in causing bovine endemic ethmoidal carcinoma and its spread. The forms of differentiation (adenocarcinoma, squamous cell carcinoma) do not exclude a common viral cause. 
